TITLE Prevention of Eating Disorders: A systematic review and meta-analysis. Word counts: Abstract (200 words) and full article (9993 words) ABSTRACT Objective To systematically review and quantify the effectiveness of Eating Disorder (ED) prevention interventions. Methods Electronic databases (including the Cochrane Controlled Trial Register, MEDLINE, PsychInfo, EMBASE, and Scopus) were searched for published randomized controlled trials of ED prevention interventions from 2009 to 2015. Trials prior to 2009 were retrieved from prior reviews. Results One hundred and twelve articles were included. Fifty-eight percent of trials had high risk of bias. Findings indicated small to moderate effect sizes on reduction of ED risk factors or symptoms which occurred up to three-year post-intervention. For universal prevention, media literacy (ML) interventions significantly reduced shape and weight concerns for both females (-0.69, confidence interval (CI): -1.17 to -0.22) and males (-0.32, 95%CI -0.57 to -0.07). For selective prevention, cognitive dissonance (CD) interventions were superior to control interventions in reducing ED symptoms (-0.32, 95%CI -0.52 to -0.13). Cognitive behavioural therapy (CBT) interventions had the largest effect size (-0.40, 95%CI -0.55 to -0.26) on dieting outcome at 9-month follow-up while the healthy weight intervention reduced ED risk factors and body mass index. No indicated prevention interventions were found to be effective in reducing ED risk factors. Conclusions There are a number of promising preventive interventions for ED risk factors including CD, CBT and ML. Whether these actually lower ED incidence is, however, uncertain. Combined ED and obesity prevention interventions require further research. 45 multifaceted treatment-is not available to all, and there are unlikely to be sufficient 46 professionals with appropriate advanced training to come close to stemming the tide of EDs 47 using a detect-it/treat-it approach (Cooper & Bailey-Straebler, 2015). Therefore, it is essential 48 to determine whether there are successful interventions to prevent disordered eating problems. 49 6 1.2 Aetiology of eating disorders and risk factor research. 50
INTRODUCTION
1 1.1 Why it is important to prevent eating disorders. 2 Eating disorders (EDs) are serious mental disorders affecting many adolescent females and 3 young women and are associated with significant physical and psychological impairment 4 (Herpertz-Dahlmann, 2009; Hudson, Hiripi, Pope, & Kessler, 2007) . The most well-known 5 eating disorders, Anorexia Nervosa (AN) and Bulimia Nervosa (BN), are characterized by 6 extreme eating behaviours and overvaluation of weight and shape. By definition, people with 7 AN are underweight (for age and sex) and people with BN have recurrent binge eating episodes 8 followed by compensatory weight-control behaviours such as self-induced vomiting or fasting 9 (American Psychiatric Association, 2013). The third main ED, binge eating disorder (BED), 10 attained diagnostic status in the fifth revision of the Diagnostic and Statistical Manual of 11 Mental Disorders (DSM-5). It is characterised by recurrent binge eating associated with 12 diagnostic specifiers and at least moderate distress without recurrent compensatory weight-13 control behaviours and without the requirement for weight/shape overvaluation (American 14 Psychiatric Association, 2013). People with BN and BED may be normal weight, overweight 15 or obese. Eating disorders that do not meet diagnostic criteria for AN, BN or BED may be 16 classified under other or unspecified feeding or eating disorders (OS/UFED). 17 EDs are common in the general population and worldwide prevalence estimates are AN 0.21% 18 (95% confidence interval (CI), 0.11 to 0.38), BN 0.81% (95% CI, 0.59 to 1.09), and BED 19 2.22% (95% CI, 1.78 to 2.76) with increased prevalence in females compared to males (Qian 20 et al., 2013) . There is evidence of an increase in the prevalence of AN in adolescent females, 21 and increases in other EDs since the second half of the twentieth century, although the 22 prevalence of BN may have plateaued (Qian et al., 2013) . However, it was noteworthy that the 23 incidence of EDs was stable in mental health facilities from 1970 to the 21 st century (Hoek et 24 al. 2016) . This suggests that perhaps there has been growth in the incidence of ED not treated 25 5 in mental health settings. The risk of premature death is significantly increased in individuals 26 with EDs (Franko et al., 2014; Preti, Rocchi, Sisti, Camboni, & Miotto, 2011) . Mortality is 27 increased in all EDs with AN having the highest mortality rate of any psychiatric illness 28 (Arcelus, Mitchell, Wales, & Nielsen, 2011) . A recent review highlighted that the presence of 29 an ED impacts substantially on health related quality of life with the degree of reported 30 impairment increasing with the severity of the ED (Jenkins, Hoste, Meyer, & Blissett, 2011) . 31 EDs also have high rates of psychiatric and medical comorbidity, in particular anxiety disorder 32 (Mehler & Brown, 2015; Mehler & Ryhander, 2015; Swinbourne et al., 2012) . This is 33 compounded by the current epidemic of obesity as approximately 30% to 80% of individuals 34 with BN, BED or OS/UFED are obese (Hay, Girosi, & Mond, 2015; Hudson et al., 2007;  35 Villarejo et al., 2012) . 36 Furthermore, while the evidence base and options for treatments of EDs have improved in the 37 past three decades, treatment costs are high for AN and other EDs that fail to respond to first-38 line therapies. Ágh et al. (2016) has reported yearly health care costs internationally of €2993 39 to €55,270 (equivalent to US$2227 to US$41,121, converted to US$ using purchasing power 40 parities, found at OECD (2014)) for AN, €888 to €18,823 (~ US$661 to US$14,004) for BN 41 and €1762 to €2902 (~US$1311 to US$2159) for BED. Although rates are higher for people 42 with AN (around 10%) all people with an ED are at risk of a severe and enduring malignant 43 form of the disorder associated with treatment resistance, very high mortality and morbidity 44 (Hay, Touyz, & Sud, 2012) . For various reasons, treatment-and especially expert, evaluated in trials using validated measures and a shorter follow up period had larger effects in 140 two of six risk factor outcomes but no actual prevention of the onset of new cases were 141 investigated. Watson et al. (2010) further investigated evidence-based interventions for ED 142 prevention including a range of interventions from the commonly used prevention 143 nomenclature of Mrazek and Haggerty (1994) . These include universal preventive strategies 144 targeting whole populations, selected preventive strategies targeting specific high risk 145 populations and indicated preventive strategies targeting people with symptoms of disorders 146 but not yet at diagnostic level. This review found that universal prevention using media literacy 147 (ML) and selective and indicated prevention using CBT and CD interventions were effective 148 in reducing several ED risk factors (e.g. body dissatisfaction, weight and shape concern, 149 10 negative affect…) and symptoms at post-intervention and follow-up. However, the quality of 150 the evidence (in terms of study design) was judged to be moderate. Importantly, a quantitative 151 meta-analysis and systematic quality appraisal of the included studies were not undertaken in 152 this review. The most recently published systematic review (conducted at the same time as the 153 current review), has suggested that the strongest evidence is for selective preventive 154 interventions (Watson et al., 2016) . In particular, dissonance-based interventions demonstrated 155 moderate-large effects on several ED risk factors and pathology outcomes (eg. dieting, thin-156 ideal internalization, negative affect, eating pathology) at post-intervention and small effects 157 at 6-to 18-month compared to waitlist or non-specific control. CBT and the healthy weight 158 program also showed small effects on these outcomes compared to waitlist and non-specific controls. This review also stated that ML for universal prevention and dissonance-based 163 intervention and CBT for indicated prevention were effective interventions, however, this 164 conclusion was based on a narrative synthesis of individual studies' results instead of a 165 qualitative meta-analysis (Watson et al., 2016) . Furthermore, this review did not include 166 obesity prevention intervention studies which may be effective for EDs as well as obesity.
167
Methodologically, it used a random effect model for meta-analysis of selective prevention 168 outcomes which may substantially underestimate the statistical error. (Doi, Barendregt, Khan, 169 Thalib, & Williams, 2015a , 2015b Noma, 2011) .
170
The aim of the current study is to systematically review the recent literature of preventive 171 interventions for EDs across age spectrums in both general and at-risk populations. In contrast 172 to previous reviews, we aim to use a quality effect model to pool the effect sizes for the meta-173 analysis. This approach results in a decreased mean squared error of the estimator while maintaining the nominal level of coverage probability of the confidence interval (Doi, 175 Barendregt, Khan, Thalib, & Williams, 2015c) . This approach has also been demonstrated to 176 be superior to the random effect model in terms of handling heterogeneity when the quality of 177 studies is available (Doi et al., 2015c) . Additionally, in opposition to the most recently 178 published study by Watson et al. (2016) , the current meta-analysis aims to quantitatively was also undertaken. The key words used in all these searches included "review or systematic 194 review or meta-analysis or meta-analytic" and "eating disorder* or anorexia or bulimia".
195
This initial search yielded 109 reviews. After screening and removal of duplicates, the 2010 196 systematic review by Watson et al. was used as the current starting point (Watson, Elphick, 197 Dreher, Steele, & Wilksch, 2010) . The advantage of this review is that it was a high quality 198 12 review of systematic reviews and randomized controlled trials (RCTs) for prevention of ED 199 from 2004 to 2009 and categorized the interventions according to intervention strategy. 200 However, a quantitative meta-analysis to pool effects was not undertaken. Importantly, in order 201 to ensure that any RCTs prior to 2009 were included in the current review (and possibly 202 excluded from Watson et al. 2010) , other reviews were screened to retrieve any RCTs which 203 were not included in Watson et al. (2010) . A systematic review by Stice et al. (2007) in English, and evaluated a preventive intervention for ED compared to another control 215 preventive intervention or wait list/ no intervention or minimal intervention control. Controlled 216 trials, which did not state "random assignment", were excluded. nomenclature of Mrazek and Haggerty (1994) . A preventive intervention was considered 224 universal if it targeted a whole population (e.g. school based prevention for females and males). 
Meta-analysis methods

242
A quantitative meta-analysis was undertaken to pool effects across the RCTs using an EXCEL 243 add-in package, MetaXL (Barendregt & Doi, 2015) . The Cochrane Collaboration criteria were used to evaluate the risk of bias (RoB) for the 246 included RCTs. The RoB criteria include quality ratings related to: random sequence 247 generation; allocation concealment; blinding of participants; outcome assessment; incomplete 248 14 outcome data; and, selective outcome reporting (Higgins, 2011) . The RoB of each trial was 249 assessed on each criterion and categorized as 'low', 'high', or 'unclear'. The criterion relating 250 to blinding of participants was not used, as blinding is not possible in the types of interventions 251 included in this review. Complete outcome data were defined as 'low risk' when the percentage 252 of participants lost to follow-up was low (arbitrarily set at values lower than 20%) and when 253 numbers and causes of loss to follow-up were balanced between arms. In order to observe how 254 the quality of RCTs impacted the effect size of interventions a quality score was determined 255 by assigning 3 points to 'low risk', 2 to 'unclear', and 1 to 'high risk'. The derived quality score 256 of each individual study was normalized by dividing the maximum possible quality score 257 (called the quality index (Qi) range: 0-1). Subsequently, Qi values were entered in the quality 258 effects model as described by Doi et al. (2011; 2008) . and large (Cohen, 1988) . The quality-effect (QE) model was used to pool the data, with the 269 random-effect (RE) model used for standardized comparison. The advantage of the QE meta-270 analysis is that it allows for redistribution of individual studies' inverse variance weights based 271 on assessed study deficiencies rather than the usual random redistribution of weights seen with 272 the RE model Thalib & Doi, 2011) . Results from the quality-effect model are 273 15 presented except in the case where the random-effect model showed a different significant 274 trend. In this instance both results from the random effects and the quality effects models are 275 presented.
276
Statistical heterogeneity was assessed using the I 2 and Cochran's Q test. Heterogeneity was 277 regarded as substantial when the I 2 statistic exceeded 40% and/or the Q statistic was significant 278 at a P < 0.10, as per the Cochrane collaboration recommendations (Higgins, 2011) . Pooled 279 effect sizes were examined to identify whether they were driven by outliers, defined as studies 280 in which the effect sizes and 95% CIs were outside the 95% CIs of the pooled studies (on both 281 sides of the CI) (Cristea, Kok, & Cuijpers, 2015) . 
Sensitivity analysis and publication bias 283
To assess the robustness of the meta-analyses, three main sensitivity analyses were undertaken.
284
Firstly, the quality of studies was tested. This sensitivity analysis evaluated the impact of study 285 quality by removing low quality trials (e.g. quasi-RCTs) from the meta-analysis. Secondly, 286 one-way sensitivity analyses which excluded individual studies sequentially from the meta-287 analyses were performed. While this form of sensitivity analyses is not traditionally undertaken 288 it is a very useful as it examines which study is the prime determinant of the pooled results 289 (Barendregt & Doi, 2015) . The final sensitivity analysis considered the pooled results of 290 selective and indicated prevention interventions based on broader classifications of selective 291 and indicated prevention for EDs which have been used in previous reviews (Levine & Piran, 292 2004; Rodgers & Paxton, 2014; Yager, Diedrichs, Ricciardelli, & Halliwell, 2013) . For this 293 broader classification, we still classified preventive intervention studies as selective if they 294 allowed participants to self-select as having high level of ED attitudes/behaviours (e.g. high 295 body dissatisfaction). The main difference is that we allowed interventions which have 296 formally screened participants for both ED symptoms and/or behaviours (but may or may not 297 formally meet the criteria for sub-threshold disorder) to be classified as indicated prevention.
16
Therefore in this sensitivity analysis there are more interventions classified as indicated since 299 our inclusion criteria is less strict for this classification. The outcomes of the meta-analysis can 300 be considered robust when sensitivity analyses in subsets of studies show similar pooled effect 301 sizes.
302
The analysis of the effect of potential unpublished studies or missed studies with negative 303 results was undertaken to evaluate the robustness of the meta-analysis. Funnel plots and Doi 304 plots were used to evaluate the presence of publication bias. Interpretation of Doi plots is 305 similar to the funnel plot in that a symmetrical plot suggests no or little publication bias while 306 an asymmetrical plot suggests bias (Barendregt & Doi, 2015) . However, the Doi plot is easier 307 to interpret than the funnel plot. The Doi plot displays the Luis Furuya-Kanamori (LFK) index 308 of asymmetry, including an assessment of severity ('No', 'Minor', 'Major') asymmetry 309 (Barendregt & Doi, 2015) . The systematic searches resulted in a total of 2,187 abstracts after removal of 1,603 duplicates.
313
A total of 411 papers were retrieved, of which 299 were excluded because they did not meet 314 the inclusion criteria. Figure 1 presents a PRISMA flowchart describing the inclusion process, 315 and includes an overview of the reasons for exclusion of 299 studies. A total of 112 articles 316 (describing 101 trials) met all inclusion criteria. Of these, 78 articles have been reported in 317 previous systematic reviews (Stice et al., 2007; Watson et al., 2010) . 
Risk of bias assessment 362
In general, most trials (58% of trials) had high risk of bias. Risk of bias was mostly evident 363 through lack of blinded outcome assessments (in 37% of studies) and incomplete outcome data 364 (in 30% of trials). In particular, 83% of universal prevention trials did not include blinded 365 outcome assessment compared to 27% of selective prevention trials and 25% of indicated 366 prevention trials. The majority of trials (50%) did not report random sequence generation or 367 allocation concealment in the randomization process. Therefore, the level of bias across studies 368 was unclear or high risk. It is noted that some of the trials included in this meta-analysis were 369 effectiveness trials which used "routine-care" type of providers and often relaxed 370 inclusion/exclusion criteria so that results are more generalizable to real world settings.
371
Findings are displayed in Figure 2 and further details can be found in SUPPLEMENTARY (WMD 0.44, 95% CI: -7.00 to 7.89; I 2 =92%, P=12.86, P=0.00).
390
ML interventions. There were significant reductions in weight and shape concern of the 391 population at post-test and at follow up (6 to 30 months) (g for females -0.69, 95% CI: -1.17 392 20 to -0.22, I 2 =39%, Q=1.64, P=0.20 and for males -0.32, 95% CI: -0.57 to -0.07, I 2 =0%, Q=0.95, 393 P=0.33). Furthermore, pooled effects showed significant differences for media internalization 394 outcomes for males at both examined times and females at post-test (g -0.21, 95% CI: -0.34 to 395 -0.07). No significant differences were found on dieting, self-esteem, and body dissatisfaction 396 when the studies examining ML interventions were pooled. found to significantly reduce the thin-ideal internalization for males at post-test (WMD -1.75, 403 95% CI: -3.10 to -0.40; I 2 =0%, Q=0.11, p=0.74). prevention, self-esteem enhancement and multicomponent interventions (González, Penelo, 411 Gutiérrez, & Raich, 2011; Wade, Davidson, & O'Dea, 2003; Wilksch et al., 2015) . There was 412 a significant reduction on media internalization for male adolescents at post-test (g = -0.35, 413 95% CI -0.52 to -0.18; I 2 = 0%, Q = 0.20, p =0.65) and 12-to 30-month follow up (g = -0.20, 414 95% CI -0.37 to -0.03; I 2 = 0%, Q=0.19, p=0.67). No significant differences among these 415 21 interventions was found for other outcomes including weight concern, shape concern and 416 dieting.
417
Summary findings for universal prevention 418 ML was the only intervention that had small to moderate effect sizes of risk factor reductions 419 including weight and shape concerns and media internalization for both females and males at were possible due to different outcomes although some of these studies reported significant 432 differences between evaluated groups. The Planet Health program reduced the number of 433 females who reported purging or using diet pills by 50% relative to a non-specified control 434 (Austin et al., 2005) while the low-calorie diet program reported a reduction in bulimic 435 symptoms (Presnell & Stice, 2003) . The New Moves program also reduced the proportion of 436 females using unhealthy weight control behaviours by 13.7% and significantly improved body differences were found for other outcomes including shape concern, weight concern, eating 448 concern, BMI and self-esteem outcomes at both post-test and follow up. but not at post-test (g = -1.20, 95% CI: -2.46 to 0.06; I 2 = 99%, Q = 276.40, p =0.00). With the 453 exclusion of one outlier (Sharpe, Schober, Treasure, & Schmidt, 2013) , the effect size at post-454 test decreased to a g of -0.45 (95% CI -1.02 to 0.12) and the heterogeneity remained significant 455 (I 2 = 90%, Q = 30.50, p =0.00). = -0.20, 95% CI -0.39 to -0.02); dieting (g = -0.28, 95% CI -0.43 to -0.12); and negative affect 464 (g = -0.23, 95% CI -0.35 to -0.10). However, these effects were not maintained at the over 12-465 month follow up. Furthermore, CD interventions were superior to control in reducing thin-ideal 466 internalization at post intervention (g = -0.71, 95% CI (-1.14 to -0.27) with substantial 467 heterogeneity (I 2 = 92%)) and at the 3-year follow up (g = -0.16, 95% CI -0.27 to -0.05), 468 heterogeneity was moderate (I 2 = 40%). Removal of one outlier (Serdar et al., 2014) at post-469 test increased the effect size to g = -0.61, 95% CI (-0.77 to -0.45) and heterogeneity was no 470 longer significant. Importantly, CD interventions significantly reduced ED symptoms 471 (measured by the Eating Disorder Diagnostic Interview/ Survey) at post intervention (g = -472 0.30, 95% CI -0.47 to -0.13 with substantial heterogeneity I 2 = 51%, Q = 16.49, p = 0.04).
473
However with the exclusion of one outlier (Serdar et al., 2014) , the effect size decreased to g= 474 -0.25 (95% CI -0.37 to -0.14) and heterogeneity became insignificant but this effect was not 475 maintained at 3-to 12-month (g = -0.06, 95% CI -0.19 to 0.06) and over 12-month follow up 476 (Hedges' g = -0.08, 95% CI -0.22 to 0.07).
477
Healthy weight intervention. There were four trials which compared a healthy weight 478 intervention versus minimal/non-treatment control (Smith & Petrie, 2008; Stice, Rohde, Shaw, 479 & Marti, 2012; Stice, Shaw, Burton, & Wade, 2006; Stice, Trost, & Chase, 2003) . At follow- Therefore, it is very important that further research examines effective indicated prevention 688 interventions in order to develop and refine them by identifying those who are at greatest risk 689 of ED onset (Stice et al., 2010) .
690
"Challenging the thin-ideal" is not only a part of many psychological therapies in eating 691 disorders (e.g., CBT) but is important in the broader public heath arena. "Implementing 692 prevention programs at an early age when behaviour is more amenable to change may produce 693 better outcomes than treatment delivered when rigid patterns of cognition and behaviour have 694 already been established and are engrained" Perry, Calear, Newby, & 695 Christensen, 2017). Additionally, clinicians should have a good understanding of the evidence 696 for prevention programs as it is a part of psychoeducation and a common inquiry from people 697 with the lived experience, either during clinical consultations or when the clinician is 698 contributing to a community educational seminar or similar. It is also important where the 699 clinician is joining with people with the lived experience and others in advocating for the 700 introduction and wider use of effective and cost-effective programs. In this instance, with 701 regards to eating disorders, advocacy is needed for support, fiscal and otherwise, of more 702 research into the development and implementation of prevention programs.
703
Therapists and education staffs have become increasingly aware of whether there might be any 704 harms caused by preventive interventions for EDs (Pratt & Woolfenden, 2002 without reporting outcomes for actual cases who met ED diagnostic criteria (Wilksch, 2014) .
717
This is partly because very large numbers of subjects are needed to provide sufficient statistical 718 power in such preventive studies (Cuijpers, 2014) . This is a common problem for preventive 719 intervention studies for mental disorders more generally, particularly for low prevalence 720 disorders. Indicated preventive strategies are therefore easier to evaluate since the target 721 populations for these interventions are at greater risk for the development of the disorder 722 compared to universal or selective interventions where the risk of developing the disorder is 723 more diffuse (Cuijpers, 2014) . Our findings also revealed that the majority of the ED 724 prevention interventions were classified as selective prevention (79 selective vs. 18 universal 725 vs. 4 indicated). Future research needs to evaluate true indicated prevention interventions as 726 these have been shown to be effective and cost-effective in the prevention of other mental 727 disorders (Mihalopoulos et al., 2011) .
728
There is insufficient evidence to support the efficacy of universal prevention based factors of both females and males. Furthermore, it is very important to improve the 731 methodology for universal intervention given that most of studies were quasi-RCT with sample 732 sizes likely to be underpowered to detect significant differences. As noted above, further 733 research, with longer follow-up periods, is required to detect evidence of reduced incidence.
734
With regards to effects on obesity, this review found that only healthy weight interventions 
743
The current review also found that the majority of ED prevention studies focused on adolescent 744 and young females who are considered at high-risk of developing an ED (Rohde, Stice, et al., 745 2014; Stice, Marti, Shaw, & Jaconis, 2009 ). There is insufficient evidence to support the effect 746 of ED prevention interventions on pre-adolescent children and adults. A recent review found 747 that poor body image and disordered eating are quite prevalent in middle-aged women (Slevec 748 & Tiggemann, 2011). Further research needs to examine these particular sub-groups. 749 Limited research has been undertaken on the implementation of evidence-based preventive 750 interventions for ED (Stice, Becker, et al., 2013) . Furthermore, given the lack of evidence of 751 cost-effectiveness of these interventions (Stuhldreher et al., 2012) , research into cost-752 effectiveness is needed. Several limitations of this review need to be considered. First, this review only used published 755 data and data was solely extracted by the first author, although there was substantial discussions 756 of the studies and classification systems with all the co-authors. Second, a full search of studies 757 published post 2009 was undertaken for the current study, with reliance on existing high quality 758 reviews for studies published prior to 2009. There may be unpublished studies that were 759 inadvertently not included. Third, we used end point data rather than change scores which is 760 more sensitive to baseline imbalance. This may have impacted the accuracy of the results 761 (Higgins, 2011) . Fourth, the outcomes considered in most studies are only risk factors and not 762 final outcomes of actual cases of averted disorders. Relatedly, the outcome instruments 763 employed in the studies did not, in most instances, map directly onto DSM diagnoses although 764 elements of the diagnosis are included in most measures (e.g. heavy preoccupation with eating).
765
CONCLUSION
766
The public health burden of eating disorders is well documented, and the considerable progress 767 that has been made in the prevention of eating disorders over the past several decades (Austin, 768 2016; Levine, 2016) . This systematic review and meta-analysis found that for selective 769 prevention, CD interventions were effective for late adolescent and young adult females in 770 reducing risk factors and symptoms of ED. Research is, however, needed into use of this 771 intervention in younger adolescents (15 years and under) and whether it can be used by non-772 professionals (e.g with Becker and Stice's "train the trainers" approach (Kilpela et al., 2014) ).
773
Healthy weight programs were promising in reducing both ED risk factors and obesity onset 
